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NOTICES

When Governmen: drawings, specifications, or other data are used for any purpose other
than in connection with a definitely related Government procurement operation, the United States
Government thereby incurs no responsibilityinor any obligation whatsoever; and the fact that the
Government may have formulated, furnished, or in any way supplied the said drawings, specifica-
tions, or other data, is not to be regarded by implication or otherwise as in any manner licensing
the holder or any other person or corporation, or conveying any rights ot permission to manu-
facture, use, or sell any patented invention that may in any way be related thereto.

The information furnished herewith is made available for study upon the understanding
that the Government's proprietary interests in and relating thereto shall not be impaired. It is de-
sired that the Judge Advocate (WCJ), Wright Air Development Center, Wright-Patterson Air
Force Base, Ohio, be promptly notified of any apparent conflict between the Government’s pro-
prietary interests and those of others,

This document contains information affecting the National defense of the United States within
the meaning of the Espionage Laws, Title 18, U.S.C., Sections 793 and 794. Its transmission or the
revelation of its contents in ony manner to an unavthorized person is prohibited by law.
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FOREWORD

. The USAF activity discussed in this report has been performed by the Com-
munication and Navigation Laboratory, Weapons Components Division, Wright Air
Development Center, under RDO Noe - 112-28, entitled "Flight Research on Atmos-
pheric Electricity and Development of Means to Reduce Precipitation Statice"
Tests were conducted by Mre Re Re Holberger and Mre He M. Bartmen, assisted by

personnel from units responsible for the equipments under teste Projeet Engineers
Mre vHo Ce Storcke

The tests were performed in the laboratoy prior to construction of models to
be used in flight testse
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RESTRICTED




RESTRICTED

ABSTRACT

Laboratory tests of Interference Blanker MX=-(XA-115) in conjunction with
Radar Sets AN/APN-9 and AN/APN—?O (Loran Equipment), with Converter CV—89/bRA-8
and Teletypewriter TT-4/TG(XC-5), with a Hallicrafter's Radio Receiver Type
SX-28, with a Stoddard NM 10A Radio Interference and Field Intensity Meter, and
with an AN/?RM—I Noise Meter are described and test data tabulated. Also,
initial tests were conducted on the AN/ARN-6 Radio Compass. These tests were
deemed necessary prior to the fabrication of three flight test models of the
Interference Blanker MX-(XA-125)/A7. The results point out a considerable allevi-
ation of the effects of precipitation static upon received signals which would
make possible communication and dirsection-finding fixes otherwise impossible,

It is concluded that the development of the beam=-deflection switching tube
(deseribed in WADC Technical Report No. 52-65) will be necessary in order to
further lower the amplitude of switching transients so that radio receivers of
higher orders of sensitivity may be employed; that already formulated anti-oross
modulation plans and circuits will be needed to further advance the usefulness of
the blanker; that flight tests of the blanker with the above equipments, and
others, should be made; and that, according to laboratory tests, even the present
model of the blanker would offer sufficient improvement to reception to merit
consideration as an interim equipment.

The security classification of the title of this report is UNCLASSIFIED.

PUBLICATION REVIEW
This report has been reviewed and is approved,

FOR THE COMMANDING GENERAL:

: CHARLES U, BROMBACH
Colonel, USAF
Chief, Comm and Nav Laboratory
Weapons Components Division
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SECTION I
INTRODUCTION

The reader is referred to the Bibliography for details regarding pre-
cipitation static, corona, btlanker theory, and results, VADC Technical Report
No., 52-b5 especially is cited for such information. Low, medium, and high '
frequency receivers are especially vulnerable to precipitation static inter-
ference, Thess are represented mainly by communications equipment, Loran, FSK,
and "On-0ff" type teletype equipments, and the radic compass, Some modification
is necessary for use of the blanker with the radio coxpass, and this work has not
yot been completed. Nomenclature of Interference Blanksr MX-(XA-125)/U has been
agsigned for three models of Interference Blanker ux-(n.-ns)/u being fabricated
for flight test use, ’ :

SECTION Il
GENERAL FACTUAL DATA

: In general, the tests were conducted as shown on Pigures 1, 2, 9, and 14,
Negative corona was drawn from the receiving antenna by means of the high voltage
generator, Corona current (of the order of microamperes) was msasured as one
parameter; signal voltage to the receiving antenna as the other,

Oommunications Receivers

A Hallicrafter'!s Communication Radio Receiver Model SX-28, with an exter-
nal meter to indicate second detector diode current,and Noise Meter AN/PRM-1
wers used as representing medium and high frequency receivers and a Stoddard EM
10A Radio Interference and Jield Intensity Meter was used to represent low fre-
qusncy receivers, Signal intelligibility was determined by the arbditrary formula:

S+ H§a28 )
vhere 8 - Signal voltage at the receiving antenna.
N 5 Impulse Nois®, i.e., noise due only to corona,

as Noise Meter AN[Pml-iz The test set-up used is shown in Figure 2, The curves
of Figures 3 and ow the improvement in minimum usable signal dne to the
Interference Blanker for several frequencies and corona currents. Figures 5 and
6 show the improvement in noise level obtained with the blanker.

The arbitrary formula used for determining minimum ugable signal appears
to be valid when receiving CW, but voice reception requires a slightly higher
signal to noise ratio,

b, Halliocrafter's Receiver §X-28: Blanker operation on voice reception was
tested using a standard broadcast signal, Radio Station WING (1410ke) with a
signal voltage of about 50 microvelts on the screened room antenna (with a 200
ohm termination) was chosen for the voice tests. The corona current was increased
until the signal, in the opinion of three people, could no longer bs read. It was

WADC TR Fo, 52-137 1
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found that the 50 microvolt signal could be read solidly through 50 microamperes
of coronz currente At 70 microamperes, voice reception was poore. However, &
more continuous signal such as music, could be understood through corona currents
up to ebout 110 microamperese. With the blanker out of the cirecuit, the signal
becomes unreadable immediately as the antenna goes into coronse

oe Stoddard NM 10A: The performance of the blanker at low frequencies was de~
termined by making use of a low frequency receiver (Stoddard NM 10A)s The test
procedure used was similar to the medium and high frequency tests. The curve

of Figure 7 shows the minimum usable signal vs frequency and Figure 8 shows the
noise improvement due to the use of the blanker at 50 microamperes of corona
currente The minimum useble signal is higher and the noise improvement is lower
at the low frequenciese. This is due to several things, one of which is the fact
that low freguency tuned circuits will ring for a much longer period of timee I%

may be stated very generally thats

t=X 1
£,.2
where t = duration of ringinge.
fr = resonant frequency of the tuned circuit.

K = proportionality constant

Since the blanker is not ideal as yet, a few corona pulses do reach the
roceiver and cause the tuned circuits to ringe Also, the blanking residuals,
which are small pulses, cause more noise at the low frequencies than at the
medium of high frequenciss as evidenced by the fact that above 550kc the noise
due to blanking residuals measured less than 10 miorovoltse At the low frequencies
they measured as high at 35 microvolts for the same coroma currente This, in
itself, can cause considerable trouble in very sensitive receivers such as the
Navaglobe receiver which was tried only briefly with the blankers

Development of the Beam Deflection Switching Tube, described in WADC
Technical Report Noe. 52-85, should alleviate this probleme Tt may be noted that
the increased noise at these lower frequencies is compensated for, in part, by
the fact that stronger signals are generally available in this portion of the

spectrume

Some difficulties are expected, when the blanker is flight tested, because
of the straight-through or cascaded amplification, and of the very non-linear
amplification designed into the pulse channele Anticipating this, a simple EC
filter was incorporated, designed to attenuate broadcast frequencies and those
below, since such frequencies are liable to cause the most troublee Other changes
in the pulse channel are contemplated to further improve its operatione

There is also Signal Channel cross-modulation presente The use of an RC
high pass filter is being considered in the present models in order to reduce
interference of the broadcst signals and the resulting beatse.

A general modification of the signal channel is also being considered in
thet the reduction of losses in the coincidence stages will reduce requirements

WADC TR Noe 52137 8

RESTRICTED

\



RESTRICTED

8 9 tOMC

1

WEas IEE N
ot

arit

E409.

i

T

2'5

8 9 100KC 1.3

7

6

2.5

1,8

[1EARANAN
L

i

oxc

25

WADC TR Noe 52-137

1.3

10,

~ 0 w) -

RESTRICTED

2.5

1.3




RESTRICTED

I

07
B I
B ot T T ho ¥
i W 4
it
H 2
' 4
it
i =
:
: ! ’
] L
!
-
T samm 8
. it i =
t [ i i
H w il e I
it H : : o
i ; :
> T by 1] —
T el i1 -
4 T =
1 s iy 1)
, :
i
f
HE
T
: 1
et
il = =¥
i ,
: :
138 bwnn) i o1 QU
i [§ESIREES
T T i 3
] : : ;
: .
+ , e
T - T
1 + 5 +
: 0 : :
A 7 f
i e, , z
: :
T " T
o ! :
T =i
T o o

10

52~137

WADC TR No.

RESTRICTED




RESTRICTED

of great gain now present in the video stages of the Signal Channel. Thus, the
reduced gain which is realized in the video stages will dictate reduction in

signal channel cross-modulation,

Loran Recelvers

Radar Set AN/APN-Q was tested with the Interfersnce Blanker, as shown in
Figure 9. loran signals from Test Set TS-34(XA)/UP were applied to the trane-
mitting antenna, as shown, Bacause of the inflexibllity of the test met, a
wide range of data mcints could not be tsken.

With the corona set at threshold lewvsl (L to 2 microamperss) a signal of
25 microvolts could baraly be read when the antenna was applied directly to the
Loran receiver, When the blanksr was inserted between the antenna and the
receiver, a 7 microvolt signal could be read with case through the thresheld

corona current.

The teat get was then adjusted to give cbeunt & 23 microvelt sigral at the
input to the blanker, This signal could be read through sbeut 50 microsmperss
¢f corona current,

Radar Set AN/APE-70 was also tested under cimilar conditions and with the
came test cet-up used abovs. Again, 50 mieroempores eof corona current weras cboub
the maximum value that could be telerated with ebsut 23 mierovelts of cignal ab
¢ standerd Loran freauency of 1950ke, €0 niercamperes could be tolerated if the
ienal vere increased to about 28 micreveltas, The photogrephs in FPiguros 10 and
il show the effects of corena interference on the AN/APH-70 both with and wisheus
the blanker in the antenma circult, Figures 12 and 13 graphlcaliy illustrate
the effect of incromsing corons curront on the Elanker-lLeoran gystem for & given

signal,

Operation of the AN/APN-70 at low froquenciss (100ks) with the bianksr
chows results comparable tec the rosults obtalned with the &teddard IM 104 Low
Frequency Receiver, A 320 mierovolt siznal covld be read through abeut 30
microamperes of coropa curront with some difficulty. Incrcasing the signal
etrength to 390 micreveiis gave a very definite roading.

Lzein, the faet that mors signal iz required te overcome o given value
of corona current at low frequencies is compensated for, in pars, by the larger
gignal strengthe gensrally cvallable im this spectrum,

As an indication of what valuwe an Interfsrsnce Blarksr might heve, it wae
reported that on the "Mugk Calf Project" flights of 2% and 25 April 1946, the
corona current never axceeded 50 microamperes and yet Leram recoption was loat
for about 5 hours due to pracipitation astatic interference. On another series
of 10 flights on the project between 1 April 1947 and 31 May 1947, it was
estimated by U, 5. Naval Observers that 17.3% of the total flight time was sub-
Ject to precipitation static. Reception of loran signals was completely blocked
during this time,

WADC TR ¥o. 52-137 | 1n
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40 MICROVOLT SIGNAL -~ Frege 1495 M
No Corona Current

40 MICROVOLT SIGNAL - Fregqe 1e95 M
Threshold Corona Current

Figure 10

AN/APN-'?O Loran Presentation
No Blanker in Use

40 MICROVOLT SIGNAL = Frege 195 M
25 Microamps Corona Current
Not Blanked

40 MICROVOLT SIGNAL = Frege 1le95 I
25 Microamps Corona Current
Blanked

Figure 11

AN/APN— 70 Loran Presentation
With MK-(XA-115)/U Interference Blanker

WADC TR No. 52-137 13
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Function 1

40 MICROVOLT SIGNAL = Fregs 1e95 M
50 Microamps Corona Current
Blanked Condition

Funetion 2

Figure 12

AN/hPN-7O Loran Presentation With
Interference Blanker

]

Function 1

40 MICROVOLT SIGNAL = Fregs le95 MO
80 Microamps Corona Current
Blanked Condition

Function 2

Figure 13

AN/APN-70 Presentation With
Interference Blanker

WADC TR Noe 52-137 14
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Figure 15

FSK Teletype Presentation
Frequency 2.62 MC - Antenna Goes Into Corona
At the Word "Deemed". Blanker not in Use.
40 Microvolt Signal

It was noted in the leboratory tests that the Loran Antenna Couplers
CU-167/APN-9A and CU-34(XA)/UP, if used after the Interference Blanker, made
little or no difference in the operation of the blanker with respect to the Loran
roeceiverses This makes it possible to use a single blanker with more than one
equipmente

Teletype Communications

The "FSK" and "On-Off" teletype test set-up are shown in Figure 1l4.
FSK teletype test set-up consists of the Converter CUhSQ/hRA-S and Tele-
typewriter TT-4/TG=(XC-5) with Redio Receiver Model SX-28 at a frequency of 2+62mce

A Transmitter Distributer Set Model 14 and Exciter 0XA=-5 are used to produce the
necessary signale -

WADC TR Nos 52-137 16

RESTRICTED

R




RESTRICTED

LEIYPEWRITER LiNK UNDER NOISE CBNDITIONS. THROUGH THE
vo i GEQBNNOISTRBGEAKH RWO T

4 roaNNWPEEAERNTRTMHOT PE COTB
I
UAL PSHSAUK s4

‘e.c.o w3 FNEDAA ) 63" 'O~

nancUWFAMZSFADRVE oF
Lroanl OUOESESTCNHVREE JL
ur
venuwdNOHYN
Suz
vuwo RRP EOTEBKBBH
ve o NOU I
FrL o ZAFI
+ LNTNTNAPFG
IIUDTLP
YYAEGJ
UourMRIEEXIZALUNLTWNSY S
ZHNFQUR
rensAAYYIQCT i)

M TQ

Figure 16

FSK Teletype Presentation
Frequency 2.62 MC - Blanker Not Operating
40 Microvolt Signal - 110 Microamps Corona Current

Results of FSK teletype reception at 2 fixed minimum RF signal of 40
microvolts at the receiving antenna and at wvarious corona currents, with and
without the Interference Blanker in use, are shown in Figures 15, 16, and 17

Figure 15 shows the great amount of degradation in teletype reception with
no blanker in the circuit and at threshold coronaes A signal of approximately
300 microvolts was required for the system to print without errors under the
above conditionse

Figures 16 and 17 clearly depict the results of "No Blanker" and "Blanker®
operations of FSK Teletype eguipment at a receiwed signal of 40 microvolts
(minimun readable) and at 110 microamperes corona current, which is equivalent
to approximately 700 microvolts of noise.

The FSK teletype, as expeoted, outperformed the other equipment considered
within this reporte.
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Figure 17

FSK Teletype Presentation
Frequency 2.62 MC - Blanker in Operation at Receiving Antenna
40 Microvolt Signal and 110 Microamps Corona Current

A very low frequency (CW or On-Off) teletype was tried at a frequency of
25kce The test set-up used in shown in Figure 14 A tape keyer (Transmitter
Distributer Set Model 14) and General Radio Model 805-A Signal Generator were
the signal sourceo The receiver set-up was the Interference Blanker, Stoddard
NM 10A Noise Meter, the Audio Converter (Northern Radio Coe Type 107, Model 2),
and the Teletypewriter TT-4/TG-(XC-5)e

Figures 18 and 19 depict examples of on-off teletype reception at a
frequency of 25kc and a minimum readable signal at the receiving antenna of 250
to 300 microvoltse With no corona, reception was faire The message was complete-
1y unintelligible at four microamperes corone without the blanker. With the
blanker in operation, the signal was completély readebles However, errors were
more frequent than without coronas At a corona current of 30 microamperes a
limit was reached where even with the blanker in operation reception was un-
readables However, & signal to noise improvement was realized to some extente
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Figure 18 a - b

On-0ff Teletype Presentation
Frequency - 25 KC - Blanker in Operation
a. No Corona Current

b. 4 Microamps Corona Current

An advantage of the FSK teletypewriter is the better signal to noise

ratioe In the opinion of the teletype personnels

FSK teletype requires a 2/& signal to nolse ratio.
On-0ff teletype requires an 8 signal to noise ratioe.
Voice requires & 4/1 signal to noise ratioc.

Thus, the FSK teletypewriter, not too easily #ffected by noise, shows the best
signal improvement when the blanker is used in precipitation static, while the
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Figure 19 a - b
On-0ff Teletype Presentation
Frequency - 25 KC ~ Blanker in Operation
a. 30 Microamps Corona Current
b. 45 Microamps Corona Current
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on-off teletypewriter, which is very susceptible to noise pulses occurring during
the spaces between the on or pulse conditions, shows & very poor signal improve-
ment ratioes Even under ideal conditions, the on=-off teletype is sffected by
circuit and manmade noises of low amplitude. The telebtypewriter personnsl are
very dissatisfied on the operation of the on~off teletypewriter equipment be=
cause of its great susceptibility to noise impulses. However, the FSK teletype-
writer showed such promise for successful operation with precipitation statie
present that the teletypewriter personnel are ready to aid the flight tests of
_the Interference Blankers’

Radio Compass

Initial tests have been made with the Interference Blanker MXm(XA«lIS)/%
comeocted into the sense antenna channel of the AN/ARN=6 Radio Compasse A
bearing shift of about 180 degrees for 2 1410ke signal was observed dve to blanker
delay-. Soense entenna corona up to 200 nicreemperes did not interfere with the
ADF function (loop antenna was outside the inberference area), although the signal
becams unintelligibles

Protection of the sense antenna circuits alons against corona by the
blanker is not sufficiente However, the performance is sufficiently promising
to recommend further study of the use of the blanker in the loop and sense
antenna circuits to realize interference reduction in precipitation static and
'sfericse

SECTION IIIX
CORCLUSIONS
It is concluded:

That the beam deflection switching tube (described in WADC Technical
Report Noo 52-85) should be developed in order to further reduce the amplitude
of switching transients so that the blanker may be used more effectively with
receivers of high sensitivity.

That steps be taken *to remove or reduce crossemodulation effects from the
pulse channel and signal channele

That, according to laboratory tests; end should flight tests prove the
blanker satisfactory, even ths present modsel of the blanker would offer sufficient
improvements o recepticn to merit consideration &s an interim egquipuente

ny
™
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SECTION IV

RECOMMENDAT IONS

Recommendations are as stated under WCONCLUSIONS.®™ In addition, should
flight evaluation tests yiéld approval of the system, it is recommended that the
design be used as a sample of circuitry for an Air Force Procurement Contract
of Interim Equipmente

It is recommended that extensive flight test data on characteristics
of signals and interference limits, as well as flight test oscillograms of
precipitation static and 'sferic interference pulses be obtained. Flight tests
should include operation of the combination equipments under 'sferic conditionse

It is recommended that research and development continue on Interference
Blanker Circuitry so that future models may incorporate modifications of circuitry
already under consideration, and such further features as blanker protection
egainst transmitter, radar and other signals propagated from the same aireraft,
some form of automatic balancing control, coincidence circuitry designed around
the beam deflection switching tube, and others as may be developed.

Cross-modulation difficulties in both the Signal and the Pulsé Chammels
may be expected under flight conditions, and it is recommended that special ef-

fort be directed toward obtaining all possible quantitative data regarding +this
subjecte S
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